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Abst Journal: Referat Zhur - Khimiya, No 2, 1957, 5151
Author: Tumanov, S. G., Maslennikova, G. N.
Ingtitution: Acade ces USSR

Title: Thermal Analysie as a Method for the Determination of the Degree of
Kaolinization of Spodumene

Original
Puvlication: Dokl. AN SSSR, 1956, 107, No 1, 119-121

Abstract: Thermal aspalysls of 3 specimens of spodumene (S) of different degree
of disintegration, has revealed that on alteration of S the degree
of its kaolinization increases. Chemical analyses and determinations
of the specific gravity, have shown that with increasing extent of
S changes the content of Na,0 increases and that of Lip0 decreases;
losses on calcining become greater; specific gravity decreases.
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AUTHORS: W, Anikeyeva, N.P.
TITLE: Spectral method of analyzing ammonium molybdate for admixtures

PERIODICAL: Referativnyy zhurnal, Metallurgiye, no. 1l, 1961, 1‘0, abgtract
]

1%})(59. ("Sb. tr. Vses. n.-i. in-t tverdykh splavov’, 1960, no. 3,
64 - T1)

TEXT: A method has been worked out for the spectral analysis of
(Nﬂq)EMoO% for admixtures of Ca, Mg, Al, Fe, Si, Mn, Ni, Ne in the concentra-

t1on Sangs (in %): Ca0 0 001 - 0.02, Mgl 0.0008 - 0.014, Al503 0.004% - 0.07,
Fe,03 0.008 - 0.05, Ni 0.001 - 0.02, Mn 0.002 - 0.0k, 510, 0.01 - 0.2, NaCl
0.82 - 0.4. The ammonium molybdate 1s converted into a carbide having very
1low volatility. The most convenient form of a compound for the formation of
carbides is Mo anhydride which is obtained by calcining (NHq)gMoO at a tem-
perature of ¥500C. The analysis is carried out on theWCM-22 (ISP-22) spectro-
graph. The exciter source for the spectrum 1s a dc arc obtained from a BAP-33
(VAR—33) mercury rectifier. The current is 5 amps, one uses carbon electrodes
with 6 mm diameter where the upper is turned to a cone with truncated surface
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2 mm diameteg the lower has a cup 3 mm diameter and 3 mm depth. The Mo anhydri-

de is mlxed with the carbon mixture in the ratio 1:1. This ratio makes it

possible simultaneously to obtain carbides, carry out the exposure without

rasting, and lower the current intensity. The relative error of the method
constitutes 4 to 17%. It takes about 2.5 h to determine 8 elements in one V//
assay.

L. Vorob'yeva

[Abstracter's note: Complete translation]
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Inductive impedances of a synchronous machine with an extraneougly
short~circuited magnetic circuit under steady-stage symmetrical
operating conditions. Vest. elektroprom. 31 no.10:7-10 O '£cC.

(MIRA 15:1)
(Electric motors, Synchronous) (Magnetic circuits)
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AUTHORS : Baskin, M.L., Savin, A,V., ?umanov, V.I. and
Eyduk, Yu,A. (Moscow) —

TITLE: Mutual solubility of copper and molybdenum and
certain properties of molybdenum-copper alloys

PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1961, No.%, pp.111-114

TEXT: Mo-Cu alloys are extensively used for electric
contacts. The authors prepared alloys containing 1.5 to 14% Cu

by means of current powder metallurgy methods. Sintering of
molybdenum was carried out at 1700°C and the alloys of molybdenum
with low contents of copper (1.5 to 10% by weight) were sintered
at the same temperature, At lower temperatures, either no sinter-
ing took place at all or the material was very porous, The alloy
with 14% Cu sintered at 1600°C. The porosity of the. produced
alloys (determined metallographically) was about 0.6 volume % and
thot of pure Mo was about 1 volume %. The grain size of the
molybdenum phase was approximately the same for all the alloys ande

also for pure molybdenum, i,e. mainly 25-30 B. To obtain grains

Card l/i)
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of this size molybdenum had to be sintered for a duration almost :

twice as long as that of the alloys. The properties of the :

starting materials, Mo and Cu, were as follows: bulk density '

1.60 and 1.49 g/cmz, respectively; adsorption of methanol vapours

0.200 and 0.026 mg/g, respectively, The average grain size of

the starting powders, Mo and Cu, was 1 to 2 u. To prevent

contamination with iron, the powders were mixed in molybdenum lined

mills. The specimens were sintered in molybdenum boats in :
resistance furnaces with an open molybdenum heater in a hydrogen ' 8
atmosphere for a duration of one hour and the specimens of pure
molybdenum for a duration of two hours., Heat treatment was as

follows: heating in a hydrogen atmosphere to 950°C, holding at i
that temperature for 5 hours and quenching in oil at room tempera- i
ture. Data on the Mo-Cu alloys are given in Table 2, the column
headings from %eft to right being as follows: Cu, wy.%; specific ¢
weight, d, g/cm”’; electric resistance ¢ x 10° Ohm mm /m;

A x 107 1/deg; phase composition, Mo - denoting Mo-base phase,

Cu - denoting copper-base phase (To Y& - ditto); lattice parameter %
k¥X; Mo-base phase, Cu-base phase. The tabulated electric i
Card Z/é/ ‘
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resistance values are averages from 36 measurements, whereby the
maximum error was +2% and the deviations from the average value
did not exceed 0.3%. The coefficient of linear expansion was
determined by means of a dilatometer with quartz rods and
indicator head in the temperature range 18 to #00°C, the error
being within the limits of 12.5%. To determine the influence of
admixtures which' are important in the industrial manufacture of
Mo-Cu alloys, a series of melts were produced containing
‘admixtures of C, Si and S$i0,. Table 3 gives the obtained
results for Mo-Cu alloys with 3, 5 and 8% Cu, respectively and
the following admixtures in wt.%: 0.05% C, 0.05% Si, 0.10% Si,and
0.50% sio, (¢ .10 ohm mm“/m; a,kX). The influence of nickel
(wt.%) on“the electric resistance (£ x 10% ohm mm2/m) of Mo-Cu
alloys with 5% Cu was as follows: O - 7.10; 0.5 - 10.31;

1.0 - 12.9%; 3.0 - 14,92; 5.0 - 15.29. L. G. Grigorenko,

A. A. Maksimov and A. A. Cheredinov participated in the experi-
mental work, L. Kh. Pivovarov carried out the X-ray structural
analysis and M. N. Nalimova carried out the metallographic JK
investigations. There are 3 figures, 4 tables and

’
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12 references: 't Soviet and 8 non-Soviet. The English-language
references read as follows: Ref.3, C. L. Sargent, J.Amer.Chem,
Soc., 1900, v.22, p.783; Ref.7, M. Hansen, Constitution of
binary alloys, second edition, New York -~ Toronto - London, 1958;
Ref.12, W. P, Syks, R. Kent, van lorn and C. M. Tucker, Trans,
AIME, 1935, v.11?7, p.l173.

SUBMITTED: July 1 1960
y 15, 19 Table 3
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AUTHORS : Funke, V.F., Tumanov, v.I. and Trukhanova, Z.S.

TITLE: The effect of alloying on the structure and properties
of tungsten carbide-cobalt alloys

PERIODICAL: Akadeniya nauk SSSR. Izvestiya. Otdeleniye
tekhnicheskikh nauk. Metallurgiya i toplivo, no. 5,
1961, 101 - 108

TEXT: The authors briefly describe the properties of the
cermets WC-Co, TiC-WC-Co, WC-Ni and TiC-Ni in the first part
of the paper and, in particular, the relations between the
composition of the carbide phase and structure and properties
of the above systems. The effect of the binding phase, i.e.
Ni or Co, on the overall hardness and bending strength is also
described [Abstracter's note: this part is largely a
recapitulation of the data known in the West from such sources
as Dawihl, Norton, Skaupy, Schwarzkopf, Kieffer et ail.

The original contribution of the authors comprises studies on
the effect of small additions of Cr, Al, Mo, Cu and CrB on
the structure and properties of the WC-Co alloys. The alloying

Card 1/§ q
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components were introduced to the mixture during grinding. The
final analysis was carried out with the help of X-ray
diffractometry of the sintered alloy and separate analysis of
the binding and carbide phases. Separation of the phases was
carried out electrochemically. The samples underwent bending
tests and their hardness was measured (VPN) at 20, 600 and

800 °C. The chemical composition and lattice parameters of the
binding and carbide phases are entered in Table 2. Whereas

Cu and Al are both readily soluble in the binding phase in any
quantity, their interaction with the carbide phase varies.
Whilst 57% of the Al passes into the carbide phage, none of

the Cu reacts with it. Mo and Cr distribute themselves between
the carbide and binding phases which will contain some of the
dissolved WC., It was also observed that, at room temperature,
all the alloying elements with the exception of Cu, lower the
bending strength of the WC-Co. This lowering is greatest with
CrB, followed by Al, Cr and Mo, Cu additions up to 1% improve
the bending strength. However, additions in excess of this
figure lower both the strength and hardness of the WC-Co alloys.

Card 2/3“
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The authors stress the fact that the alloying of the carbide
phase should be effected with additives which, in addition to
increasing the hardness and refractory properties of the carbide
skeleton, will also improve jts wettability with respect to the
binding phase. The optimal conditions are reached when each
grain of the carbide phase is fully wetted, i.e. when the
carbide phase is discontinuous. On the other hand, the
composition of the binding phase should cause a minimum lowering
of the strength and plasticity of the alloy at the ambient
temperature, while securing maximum possible strength at the
working ‘'i-.e. high) temperature. The X-ray-diffraction studies
were carried out by A.Ye. Koval'skiy and L.Kh., Pivovarove.

There are & figures, 3 tables and 16 references: 1l Soviet-bloc
and 5 non-Soviet-bloc. The four latest English-language
references mentioned are: Ref. 3 - R.P. Felgar, I.D. Lubanh - d</
Proc: Amer.Soc.Fest Mater., 1957, 58, 770-788; Ref. 9 -

N.M. Parikh, J. Amer.Ceram.SoC., 1957, 40, 10, 335-339;

Ref. 10; M. Himenilk, N.M. Parikh, J. Amer.Soc., 1956, 39, 2, 60.
Cermets 13 Ref. 14 - J. Phillips, L. Welfred,J. Inst. Metals,

1956 v. 2 London. The Institute of Metals.
Card 3/%PQ’ 3
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SUBMITTED: January 28, 1961
Table 2: Chemical compcsition and results of the X-ray
diffraction study of the binding and carbide phases

WC-Co alloys.

Key:- 1 - Alloying component; 2 - Co, wt.%;
3 - Alloying component, wt.%;

4 - Content of binding phase; 5 - Alloying

component; 6 - wt.%; 7 - at.%;

8 - Alloying component in carbide phase;

9 - Lattice parameters in kX; 10 - WC-phase;

11 - Solid solution based on cobalt (a);

12 -~ % on the basis of total content in the
alloy.
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A THORS T Jumanoyv, V.las Funke, V.Fay Baskin, M.I.. and
Novikova, Taoia (Moscow)
TR physical pronperties of the alloys tungsten crartoadde

cobhalt

PEHIOUICARS Akademiva pauk S33%. jovestiyn. Ootdeleniye
tekhnichpskikh nank - Motallurgiya 3 tonlivo,
No.b, 1961, Phle- 148

phovt Systvmntic data on the physical prnnrvripg a1 - e

2 1tavs hnve not heen published and, theretfore, the anthors navy
:n\vxliwnted the ﬁpecific resistance, the Young modulus. thee
cnpftrcrent of tineny exnansion and the hardness Ob Pt IOV g
centpining various anantities of the hinder phase with various ///
aizes ot the tungsten carbide grains. For the tests, enecimens
contairing O to 100% Co and specimens containing b wt i Co owere
'nvnstigated, differing as regards the size of the tupuesten

~narhide graivn. The allo¥vs were prndnced accoriding ¥2 sgandard
1echnolog¥e. The main cseries of allovs with various content = ot
hander had a practical]y equal average diameter nf the tungsten
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carhide grain ot 2.5 v, The prha<e comeasition of the ailoves

thronghnut the entire range of changes of the Co content roma:ned
conntant . pha<e WC nlus solid solution of tungsten and carbon n

cobalt, The porosity of the atloys did noi excoeod U 2 vol -

tihhe tunusten carbide had a norosity ot 3 Si The sintered )
specimens were quenched and annealed; the guenching congisted o) L
beating in a hydrogen atmosphere at LOOUSC for 12 hours andd
cropling in the water-cooled cooler of the furnace. The anncaling
wns at 1000°C for 12 hours in a hvdrogen ntmoschere followed by
~oeling to 800°C and holding at that teomperature tor 2% hours

and. then cooling to room temnerature at an average rate ot

{3 "¢/ming The specific registance . the maduina of
riastrerty E, the coeflticient of linear expansion o and the )
. hardness “v were determined on auenched and‘annnaled spec i MenSs . )
L The speecific etectric resistance was determined by tne compensa-

- tron method using a potentiometer, the maximum error heinue U 0

. the coefficient of linear expansion was determined with o
B quartz rod dilatometer in the range 18 to 420°C with an evror of
2.5%: the Young modulus was determined by a dvnamic method with

Card 2/%
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an error of 1%, Fig.l shows the dependance on the cobalt content,
wt.% of the following: specifi¢ resistance &+ nohmecm (a);

modulus of elasticity E, kg/mm* and the coefficient of .linear
expansion a, l/deg (_); hardness H_, kg/mmz (h). Curves 1 and 3 ~
after quenching, curves 2 and & - after annealing. The obtained
experimental results show that the specific electric resistance

is the most sensitive physical characteristic of WC-Co alloys which
provides an indication of the state and the composition of the
binding and the carbide phases and of the structure. The modulus
of elasticity and the coefficient of linear expansion indicate

carbide and the cobalt in the alloy and depend little on heat
treatment and composition of the binding phase, The modulus of
elasticity changes considerably with the grain size of the tungsten —
carbide. The results confirm the view of the existence of a
continuous cobalt phase in alloys of this type. L. G. Grigorenko

and A. A. Cheredinov participated in the experiments. There are

2 figures and 4 references: 2 Soviet-bloc and 2 non-Soviet-bloc.

The English-language references read as follows: Ref.1l: Dawihl W.

and Hinnuber J. The structure of hard metal alloys. Kolloid-~2.,

Card 3/4
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943, 104, No.2/3, 233; Ref.2: Gurland J

the binder phase in cement - and Norton J., Role of
) ed o
Metals, 195z, 4, No.1o0, 1051.t""5“ten carbide-cobalt alloys.
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TITLE: On the resistance limit and the mechanisn of failure of the mba’i‘oarmlo
solid alloy of WG and Co at compression

S

li

SOURCE: Fizika metallov i metallovedeniye, Ve 17, no. L, 196k, 572571 ' }
, .

TOPIC TAGS: resistance 1imit, yield stress, stregs analysis, cobalt, carbide
phase, dislocation effact , tungsten carbide -

ABSTRACT: The purpose of this work was to obtain systematic experimontal data on’
! the effects of composition and carbide grain size on the resistance limit of the
1 alloy WG-Co during compression. Five gets of alloys were prepared with varying

| sizes of carbide grains (Loby - 1e7, 1.9, 343, and 5,3 jh)e In each set specimens

1 were prepared containing varying percentages of cobalt, The different grain

' sizes were obtained by changing the 4nitial temperature at which the powder was .
‘ formed, The results ahowed bhat (with incroasing cobalt content) the resistance

|

i

1imit increased initially and then deoreased monotonicallys all the curves reachad
s maximum, The highest value of the resistance 1imit (500 kg/mu?) for a grain i
size of leli=le7 j& was attedned for 5% by wb (8.6 by vol) of cobalt in the alloy. ;..

[l 'L""““'«

i -tifpard \];/3:- = _, A L
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' The resistance limit is given by the theoretical expression ;‘5 '
/- (9. e A - ' -
o (Sr) =7+ Bij |

lo(Sr) = :?/.‘"""5-

: vhere o is the resistance limit, sr the yield limit, v the volumetric content of
. i} Coy and A,B,C,D are constants, The theoretical dependence of the resistence limit |

|'on the grain size is given by [t e :
- ! qc g7 +B’;|

‘ ‘- C, : | 5
R : S

% :ﬂ; +D’v

! where d is the grain size and a,b,B'D! are constants, The form of the oxporimental'
| curves agrees with these expressions. Finally, it was shown that these dependences

©i were adequabely described by the dislocation theory of E. Orowan SSymposium on i
! Internal Stresses in Metals and Alloys, Inst. Metals, London, 1948) and of Fe Vo -

' Lenol and Ge Se Ancell (Powder Metellurgy. Proc. intern. Conference hold in Nede, -
' June 13-17, 1960, p.267). Orige arts hast 7 formlas, 3 figures, end 1 tahle. i '
@ | ASSOCIATION: Vaes inatitut tverdywkh splavov (ALl Union Institute for !
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AUTHOR: Tumanov, V. I., Funke, V. F., Belen‘kaya, L. 1. Usol'tseva, L. P.

TITLE: Effect of zlloying on surface tension of the iron group metzﬂs and the wettability
of aluminum oxide

SOURCE: AN UkrSSR. Institut metallokeramiki i spetsial'ny*kh splavov. Poverkhnostay*

ye yavleniya v rasplavakh i protsessakh poroshkovoy metallurgii (Surface phenomena in
liquid metals and processes in powder nmetallurgy). Kiev, Izd-vo AN UkrSSR, 1963,
141-151

TOPIC TAGS: cobalt alloy, nickel alloy, liquid phase surface tension, alloy surface
tension, aluminum oxide, aluminum oxide wettability, cobalt copper alloy nickel copper

alloy

ABSTRACT: The effects of alloying Co and Ni with Cu, Mo, W or Ti (0.5, 1.5 and 20 at. |
%), as well as carbides of the latter three (5 at.%), on the surface tension of the liquid
phages and the wetting of AlgOg were studied on alloy samples (h = 5-6 mm, § = 12 mm)
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and Al,Oq substrates (h =4 mm, ¢ = 20 mm, porosity up to 0.2%). Tests were carried
out in a vacuum (5 x 10-5 mm Hg) at about 1500C (1400C for Cu-containing alloys).

The contact angle @ was determined experimentally, using the droplet-at-rést method
{(accuracy 1-2%). Surface tension ¢/; . interphase tension Cigj and work of adhesion W A
were calculated. As shown in Fig. i of the Enclosure, addition of up to 1.0 at. %
alloying elements, especially Cu, lowered 0, but further additions had little effect..
Small amounts of alloying elements (0.5-1 at. %), except for Ti, also lowered & (see
Figs. 2 and 3 in the Enclosure). Alloying with 5 at, % tungsten carbide lowered 8 and &7
slightly in both Ni and Co; molybdenum carbide had no effect on these parameters in Ni
and little effect in Co. Only titanium carbide lowered 0 significantly in Ni (from 120 to
62°) and Co (from 120 to 90°), while simultaneously increasing the surface tension.
X-ray diffraction patterns of the contact areas between the drop and the substrate show
that reactions take place between the liquid metal and the substrate, resulting in
formation of a transition layer containing CoAl, Oy and NiAl,O 4 with a spinel structure.
In the case of Ni alloyed with titanium carbide,”the transition zZone also contained TiC,
TiO2 and NiAl. The authors demonstrate relationships between o, Vj' %i and Wy, on
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the one hand, and the atomic diameter and thermal stability of the alloyingi component
oxides, on the other. The lowest © (62”) and maximal W (3600 orgs/cm®) were found in
. Co + 5 at.% TiC. "The X-ray gtructural analysis was ocarried out by-Eng. N. S.
- Urazaliyev." Orig. art. has: 6 tables and 6 graphs.

. ASSOCIATION: Vsesoyuzn*y nauchno-issledovatel'skly {nstitut tverdy*kh splavov, Moscow
(All-Union Scientific Research Institute for Solid Alloys)

| SUBMITTED: 23Nové3 Co . ' ENCL: 03
. §UB CODE: MM NO REF SOV: 005 OTHER: 006
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ENCLOSURE: 01

% i i, C O3 substrate, alloyed
Fig. 1. Contact wetting angle (0) for Ni, Co and their alloys on an Alg 3 , all
8 with W (1), Mo (2) and Cu (3). Ordinate = 0 in degrees; abscissa = at. % alloying
element. :
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Fig. 2. Surface tension of Ni and its alloys (AIZO,.,‘) bstrate), alloyed with W (1),
c

B - .
Mo (2) and Cu (3). Ordinate = j in ergs/cm®; abscissa = at. % alloying element.

/
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and abscissa as in Fig. 2.

alloys (Al503
'i . rface tension of Co and ﬁ_:s A
Hig- 3 %o é), Cu (3), 0.5at.% Ti (x). Ordinate
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AUTHORS : W., paskin, M.L. and Anders, NoR.
TITLE: Some properties of cobalt-bonded tungsten carbides

PERIODICAL: Tsvetnyye metally, no. 12, 1961, 68 - 73

TEXT: Cemented carbides are used in increasing quantities
as materials of construction and this prompted the authors to
undertake the present investigation, whose object was to
dete:.mine the Young modulus, E electrical resistivity, e
and linear coefficient of thermal expansion, & 1 of WC-Co
alloys in relation to their composition and structure. The
composition of experimental alloys is included in Table 1.

The results of measurements are reproduced graphically in
Figs. 1-3, where the curves marked M, © and B relate to
specimens with the average grain size 1.2 = 1.5 ¥ 1.5 - 2.5 ¥
and 3.4 - 5.0 ¥, respectively. In Fig. 1,

E (kg/mmz) is plotted against the Co content (vért.%) in the
alloy. The concentration dependence of a(10~ /OC) and
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@>(Slmm2/m is similarly represented in Figs. 2 and 3. The

general conclusion reached was that E, a and (° depend not

only on the composition (Co content) but also on the grain size by(
of cemented carbides, the maximum value of each of these

properties being attained in finely-crystalline materials.

There are 3 figures, 5 tables and 17 references: 7 Soviet-bloc

and 10 non-Soviet-bloc. The four latest English-language

references mentioned are: Ref. 6 - A.G. Johnson - Techmnical

Note 3309. Nst. Advisory Committee on Aeronautics, Washington,
DOCOD' CC 1954; Refo 7 - .Ea Lardner, I‘lc::Ju Gregoro Insto Of
Metals, 1952, no. 80, 369; Ref. 8 - Felgar. Lubahn, American

Society for Testing Materials, 1957, v.57; Ref. 9 - W.W.Wellborn,

Mater. Design Engns., 1959, v.49, no. 2, 79.
L.G. Grigorenko and A.A. Cheredinov participated in the work.
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Table 1: Composition, physicomechanical properties and micro-
‘ structure of tungsten-cobalt alloys studied in the
present investigation

Key: 1 - Chemical composition, %; 2 - Properties;
% - Microstructure; & - Volume percentage of
WC particles of the sizes (p)..-
5 - total carbon; 6 - comhined carbon;
7 - specific gravity, g/cm”; 8 - strength,

kg/mmz; 9 - hardness, Hpai 10 - Coercive

force, Oe; 11 - Porosity, %; 12 - Maximum
size of individual pores, p; 13 - Graphite
inclusions, %; 14 - Fine-grain alloys;
15 - Average .grain-size alloys; 16 - Coarse-
grain alloys. )
The remainder is tungsten and additions of other elements,
(Si, Al, etc.)
2+ % Dashes indicate that the pore dimensions are less than 5 u.
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AUTHORS : Funke, V.F., Novikova, T.,A., and Tumanov, V.I.
(Moscow)
TITLE: Structure and properties of

tungsten-carbon-cobalt-ﬂplybdenum alloys

PERIGDICAL: Akademiya nauk SSSR. Izvestiya., Otdeleniye
tekhnicheskikh nauk, Metallurgiya i toplivo,
no.2, 1962, 113%-118

TEXT: The results are reported of an investigation of the v
phase composition, chemical composition and structure of the
. #=C~Co-Mo alloys with 80 and 47% W contents. Special attention o
= was paid to the changes in the alloy properties as a result of -
i variation in their Mo and C contents. Alloys with 80% w ,‘}/
(remainder carbon and cobalt) were found to be suitable for
wany industrial purposes and those with 47% W find application
in X-ray structural analysis of the cobalt-base solid
solutions. The test specimens were prepared by powder
metallurgy techniques, starting with powders of W, Co and Mo, .
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by ppéssing and sintering at 1450 °C (for alloys with 80% W) and
1250 ®¢ (for alloys with 47% W). The above sintering conditions
were found to give alloy specimens with the highest density and
the best ultimate bending strength, The specimens were then
anngaled at 120C and 1000 °C for 2 hours and at 800 °C for 24
hours and allowed to cool, together with the furnace, at the rate
of about 1.5 °C/min. The ultimate bending strength was measured
at 20 and 800 °C and the hardness of the test alloys was
“etermined at temperatures in the range of 20 to looo ©°c. In
addition, determination of the phase composition of the alloys
was made by means of X-ray structural and chemical analyses,
Special analysis was made of the cobalt and carbide phases., An
iﬁcrease,;n;the Mo content of the test alloys, while the tungsten
and carbon content are kept constant, was found to produce a
change in''tHé phase composition of the alloys, According to
metallograplfic analysis, the two-phase structure is retained by
alloys with 80% W when the molybdenum content is raised from 0

to 1.5%, the' two phases being tungsten carbide and a cobalt-base
'solid solitiod, At a molybdenum content of 3% or higher, a
Card 2/+4., < i
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third phase was found to appear, The structure of this phase

was found to be identical with that of the n1-phase present in

the W-C-Co system (double carbide of tungsten and cobalt).

The quantity of this third phase was found to rise with

increasing molybdenum concentration. In the alloys with L7% W,

the third phase appears at molybdenum contents exceeding 10%,

but an increase in the carbon content at a constant molybdenum
concentration leads to a reducticn in the quantity of the third
phase., At the carbon content of 5.36% or more, the test alloys /A/
with 80% W and about 3.3 Mo were found to have two phases only: .
1C phase and the cobalt phase. In the alloys with 47% W content
and 10% Mo. the third phase does not form if the carbon content

is increased to 4.3%. Phase composition analysis of the test
alloys showed that if molybdenum is at concentrations up to 10%,

a two-phase structure can exist in the alloy with &7% W. This

is taggn as an indication of the presence of a solid solution
regior  of molybdenum and carbon in the tungsten carbide phase.

It was found that the introduction of molybdenum in the alloys

of the W-C~Co system, the raising of molybdenum content up to

card 3/4

Structure and properties of ...

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001757420012-2"



vt et

"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001757420012-2

L M Tt 2B it e iy die o f A b i LA WS

S/180/62/000/002/011/018
E04%0/E135 :

3% and the resultant appearance of the double carbide {q1-phase),

as well as a change in the composition of the WC and Co-phases,

are accompanied by some reduction of strength at room temperature

and some increase of the strength at 800 ©C. The hardness of the
W-C-Co~Mo alloys is greater than that of the W-C-Co alloys of

equal strength.

There are 7 figures and 2 tables. /k/;

ASSOCIATION: Vsesoyuznyy nauchno-issledovatel'skiy institut
tverdylkh splavov
(All-Union Scientific Research Institute for Hard
Alloys)

SUBMITTED: September 18, 1961

Structure and properties of ...
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. AUTHORS: Tumanov, V,I., Funke, V,F,, Belen'kaya, L.I.,
Usol'tseva, L.,P, (Moscow) o
TITLE: Influence of alloy additions on the surface tension of

metals of the iron group

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye tokhnichesldih
' nauk. Metallurgiya i toplivo, no.6, 1962, L3-48

TEXT: - The effect was investigated of alloy additions to nickel
and cobalt on surface tension and weldability of alumina by them;
the alloy additions studied were molybdenum, tungsten, titanium,
copper, tungsten carbide and titanium carbide. The sessile drop
method was used at a vacuum of 10~5 mm Hg dnd temperatures of about
1500°C (1400°C copper). Over the alloying range studied (0.5 to

. 20 at.%), a relationship was found between,on the one hand, - the 4

" contact angle, surface tension, interfacial tension and work of

.+ adhesion and, on the other, the atomic diameter and thermal .

- stability of the oxldes of the alloy additions, With the carbides
the greatest reduction in the contact angle and increase in the work
of adhesion was obtained when 5% TiC was introduced into cobalt

[
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AUTHORS:  Punke, V.F., Tumanov, V.T., and Trukhanova, Z.S.

TITLE: Effect of allcying on the structurse and propertles of
tungsten carbide -~ cobalt cerments

SCURCE ¢ Akademiya nauk SSSR.- Institut metalurgli, Issledovaniya
po zharoprochnym splavem. v.8. 1962. 88-95

TEXT: The contact angle (8 ) between WC and molten Co or Ni (mea-

- sured by the sessile drop method) 1is 0°, i.0., complete wetting

(O takes place. Addition of TiC to the WC reduces the tendencies of

e the molten metals to spread and the contact angles increase, 6.g.,

SR to 21° for the system Co - WC conteining 23.6% TiC. Substitution )(
of TiC for part of the WC in WC-Co cermets reduces both the bending

strength and the hardness of the cermets. Increasing the Co content

in bosh WC-Co and WC-T1C-Co cermets causes an increase in bendling

strength, up to a certain maximum which is about 200 kg./sq.mn. in

the case of WC-Co containing above 24% Co; this strengthening act-

ion of the Co is assoclated with the increased plasticlty of cermets

Ccard 1/3
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Effect of alloylng on the structure...

containing larger amounts of Co. The addition of various alloying
componentas affects both the. structure and the properties of WC-Co
cermets. Thus, the Co phanse of the cermet contains 1.28% WC in the
absence of alloving components, 1.95, 0.4, and 2,13% WC when 2,09%
Cr, 2.43%CrB, and 11.1< Mo respectively are added, and no WC when
1.837 Cu or 2.81% Al ic added. The presence of the alloying com-
ponents causes slight variations in the lattice paramsters of both
the WC and Co phases. Thoe distribution of these components between
the %C and Co phases is fairly balanced, except in the cases of

CrB (98.5% of which concentractes in the WC phase) and of Mo and

Cu (95.5% and 1007 respectively concentrate in the Co phase). All
alloying elements mentloned, except Cu in small quantities (about
1%), reduce the bending strength of the cermets at room temperature;
at high temperatures (600-800°), however, addition of Mo, Cr, Al,
and CrB increases the strength, The additions of Mo, Cr, or CrB
causes an increase in both the ambient-temperature and high tem-
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AUTHORS Kreymer, G.S., Vakhovskaya, M.R., Tumanov, V,I. and
Pavlova, Z,.I.

TITLE: Main mechanical properties and structure of cermets

PERIODICAL: Fizika metallov i metallovedeniye, v. 13, no. 6,
. 1962, 901 - 911 .

TEXT: Experiments relating chief mechanical properties to
composition, test tmperature and carbide-grain size of three-
, phase TiC-WC-Co alloys. These consist of the following phases:
i TiC-VC solid solution; structurally free WC + Co with traces of
; dissolved Ti, W and C. The effect of Co was studied over
L-25 wt,% range with a constant TiC/WC ratio of 15/79, giving
an average grain size of 3 § for the TiC-WC phase and 1.8 1 for
the WC phase; that of TiC was over 6-25 wt.% range with 9 wt.%
Co, giving an average grain size of 3.7 |t and 2,5 3 for the
A

TiC-WC and WC, respectively. The effec ot carbide-~grain size
on the mechanical properties was gudied on alloys type

T15K6 '‘and T6X9 with fine, medium and coarse carbide grains in
various combinations., :In TiC-WC-Co the breakdown of cobalt
Card 1/2
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Main mechanical Properties ,.,. E111/E352

increasg,in'its content had little effect. The tensile Strength

of théie‘alloys became - independent of temperature (up to 500 oC)

T at Tic concentrations of 10 wt,y and’over, The fracture mechan-
EE isms in Wg-Co alloys were different from those in TiC-WC-Co,

N This difference affected'both tensile and impact strengths, The

latter was independent of temperature for the alloys' Bklo /
(VK10), T50§9 and T15K6; rfor the first, this applied only to \<
the 20. 400 °¢ range, above which there was a steep linear growth; |\

for Tic-wc-co alloys withoa virtually continuous carbide skeleton
the range was 20 - 1 000 “c. The hardness of three-phase
TiC-WC-Co alloys decreased approximately linearly with increasing
Co content, The Tic-W¢ Phase showed greatest softening with
increasing temperature, There are 10 figures and 2 tables,

ASSOCIATION; Vsesoyuznyy nauchno-issledovatel’skiy institut
tvérdykh splavov (All-Union Scientific Research
Institute for Hard Alloys) :

SUBMITTED; April 17, 1961 (initially)
January 6, 1962 (after revision)

757420012-2"
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TUMANOV, V.I., inzh,

Design and experimental determination of supertransient parameters of
synchronous machines with externally short-circuited magnetic flux.
e Vest.elektroprom. 33 no.6:4le4f Je 162, (Mma 15:7)
S (Electric machinery, Synchronous)
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8/076/62/036/007/010/010
B101/B138

AUTHORS s Tumanov, V. I., Funke, V. F., and Belen'kaya, L. I,

: L LamanoV, - =

TITLis Yettability of aluminum oxide and of carbides by metals of
the iron group

PRRIGDICAL: Zhurnal fizicheskoy khimii, v. 36, no. T, 1962, 1574 - 1577

TEAT: With the use of a slightly modified apparatus by V. N. Yeremenko,
fu. V. Kaydich (Ukr. xhim. zh., 23, 573, 1957), the surface tension ¢~
angle - of contact ©, and the work of adhesion Wa were determined for the

wetting of Alzo3 with Ni or Co, and with Ni-Mo or Co-W alloys, and the
angle of contact was measured for the wetting of carbides of the system

?4C - WC.with Ni, Measurements were made at 10"5 ra Hg,v150000.
Results: (1) Addition of Mo or W (up to 10 atom%) increases the wettabili-

ty of Al,o5 with Ni or Co. The first 2 atom# of Mo or W addition show the

stroncest effect: ¢ rises from 1225 to 1500 erg/cm2 with Ni + 2 atom® ofv
Mo, an; from 1560 to 1750 erg/cm? with Co + 2 atomp of W. (2) The fact
Card 1/2
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Wettability of aluminum ... . B101/B138 i

that the surface tension values of Ni and Co (G‘Ni' - 1225' erg/cng
""‘(':o = 1560 erg/cmz) are lower than published figures is attributed to the
oxygen content of the metals used (Ni: 0,19% 0,, Cos 0.34% 02). The in-

crease of 7 on addition of o or ¥ is caused by separation of O2 owing to

its reduced solubility in.the alloy, or by formation of oxideg. (3) From

380 st 1005, TiC, the angle of contact diminishes slowly to 21° at 705

TiC + 30% *C, and then guickly to 0° at 100% WC. TiC is not completely

wettahle with Ni; 4wo-phase TiC - WC alloys containing free WC are more

wettable than solid TiC - WC solutions. There are 5 figures and 1 table,

The most important English-language reference is: M. Humenik, %, D. / B
Kingery, J. Amer. Coram., 37, 18, 1954. l,/

ASSCCIATION: Nauchno-issledovatel'skiy institut tverdykh splavov
(Scientific Research Institute of Hard Alloys§

SUSMITTED: - November 28, 1961
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FUNKE, V,F,; PAVLOVA, Z,1,; HOVIKOVA, T.A.:

Effect of the composition and structure of alloys in the system

W ~ Co and TiC ~ WG «~ Co on the

strongth limit during com-

pression, Flz. met, i metalloved, 15 no,2:285-289 F 163,

(MIRA 1634)

1, Vsesoyuznyy nauchno-i ssledovatel®skiy institut tverdykh

aplavov.

{Tungsten=cobalt alloysmMetallography)
(Titiniumatun%atenwcobalt alloys-~Metallograp hy)

(Deformations Mechanics))
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- ACCESSTQS NR: AP3004600 '5/0126/63/016/001/0113/0116

AUTHORS: Basidn, Y. L.; Tumanov, V.  1.; Funke, V. Fe . ééd/

1

*w,ﬁ-«eﬁ-‘;m oy

T_[TLE ¥odulus of elasticity/for alloys: tungsten carbide-cp_bglt

l

1)
SOURGE: Fizika metallov i me+allovedeniye, v. 16, no. 1, ,5.963, 113-116
'I'OPIC TAGS: +ungsten carbide-cobelt, alloy, rodulus of elagticity

ABSTRACT' in attempt is made to determine the relation of YC-Co " elastic properties :
ito their corposition and structure. A formnla is offered which expresses the rela- |
‘tion of Young's rodulus E to the Co content. Three gtructural verients ere dis- {
‘cussed, and the formilas for E in each variant are offered, 1) The phases are
distributed in layers parallel to the mein sample exls;

E,=Ey+ (E1— ey,

2) The phases rro distrituted in layers porpendiculnr to the axis;
Fd""En ll—c,(l—L‘, I",)]
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. 13) The matrix distritutlon of phases: 2) cobalt matrix with disseminated TC grainé ‘-
| 2Byt —ey(Ey—EDt Eddy

. ’I:.
. : | Ey=Eyt (Ey—Ey)- "

1
i

'b) carbide matrix with disseminated Co grains;
| ’ E.='E,:[1+c,(E,—-’E._.):E,'.]I‘

E) = E;—"'(El"E:)C:’I’ .

o~ iewe ® -

; . 1ty moduli of the varients i~
In these forrmlas E,, Ey and E,, etc., are the elastic ? _—
and ¢ i8 volumetric’co%centrution of tungsten carbide /Abstracter's note: cpis |

not explaineg7. The rTesults thus obtained confirm the previous deductions pertaining
to the ¥C~Co structure, These deductions were based on the relation of electrical .

.Curd ] 2/3
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L1BO77-63
ACCESSICN NR: AP3001.600

resistivity as well as on the p}vsical end mechanica)l properties of these alloys to |
their content of Co. Orig. art.hes: 6 formulas and 3 figures. f

- | A8S0CT ATIN: Vsesoyumy¥y nauchno-issledovatel'sidy institut tverdy¥kh aplavov
jLAll- Union Seientific Resesrch Institute of Hard Alloys) :

[ |sustrrmED: 19apr62 DAE ACQ: 27Mugé3 - . memioo|

¥

ESUB CODE: ML N0 REF SOV: 009 | OTHER: 005

ot vVt v

fCard 3/3 o 4'» e _ »

sz o - .
L -t . . . - i - [
AV S TR Yl AL L Y PR ' T T PR AU i oS - P
P FRRSICH S S i (AT TR S ey DS RIS S U TN T TIAAETINY LA A R fd ook R NY R TP S N F A B N e Sk e i e B A A R O I L O

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001757420012-2"



"APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001757420012-2

R R R R T . B R ST TR AN S TR 2
T T e Y b e e S P R S S Sl

5/032/63/029/003/004/020

B117/5186
ATITHORS @ _%%Egggx+_1*_l*4_ﬂrukhanova, %Z. S., Funke, V. F., and
cherbakov, V. G.
TITLE: Electrochemical separation and investigation of the
cementation and the carbide phases of high tungsten cobalt

alloys
PERIODICAL: Zavodskaya laboratoriya, V. 29, no. 3, 1963, 277-280

TEXT: To determine the composition of the binding phase in WC - Co
alloys it was suggested to geparate electrochemically the binding and
the carbide phase, and %o analyze chemically the alloying components.
Caustic soda and hydrochloric acid solutions were used as electrolytes
and spectroscopically pure graphite electrode as cathode for the
‘electrochemical phase separation. The polarization curves plotted for
pure ¥C and Co at 25°C showed: In 3 M HCl solution, Co dissolves
intensely at an anode potential of v0.1 v and a current density of

0.03 ajca®. The anode potential of WC is 0.5 v without voltage applied.
When the potential increases to 1,1 - 1.2 v, gaseous chlorine is :

§i¢f oL Card 1/2...

APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001757420012-2"



s
i
!
'
i

-

"APPROVED FOR RELEASE: 03/14/2001

CIA-RDP86-00513R001757420012-2

A T B L e G G S e e A e S NS T

, $/032/63/023/003/004/020
Electrochemical separaticn and .,. B117/8186

- separated out and the carbide oxidizes, In 6 M NaCl solution the anode

potentials of Co and WC are 0.5 and 0.20 v without voltage being applied.
At ~ 0.6 a/cmz, an intensive discharge of oxygen occurs at the WC anode. |
WC oxidizes to WOB’ and decomposes to sodium tungstate at ~ 0.8 v. On

the Co anode, oxygen is separated out at ~ 0.8 v, and the anode becomes
passive, The difference in anode potentials of WC and Co permits the
electrochemical separation of the binding and the carbide phase. In
electrolytes of different concentrations the WC and Co phases could be
dissolved selectively even at high current densities. Optimum conditions .
for isolating the binding and the carbide phase: for the Co phase, :
6 M HCL, 0.03 a/émQ, electrode voltage 0.8 - 0.9 v; for the WC phase,

6 M NaOH, 0.6 a/cmz, and 3 v. The method was used to separate the

phases mentioned in WC - Co alloys containing molybdenum, chromium, and
aluminum. The phase composition and the lattice constant of the Co

phase in alloys containing less than 4% by weight of Co could be
determined by electrolytic enrichment with Co of the alloy surface.

There are 2 figures and 4 tables,

ASSOCIATION: Vsesoyuznyy nauchno-issledovatel'skiy institut tverdykh
splavov (All-Union Scientific Research Institute of High

. .Card 2/2 _ Alloys)
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BASKIN, M.L.3 TUMANOV,.Y:‘.

Davice§;o~z:‘measuring specific electric resistance, Zav.lal(a. 2916-5)
no.4:508-509 '63. MIRA 16:

! tut tverdykh splavov,
. Vsesoyuz nauchno-igsledovatel’'skiy inati
: ditidd (Eleetric"x'-esiatance——}basuremsnt)
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TUMANGV, V.I.; FUNKE, V.F.; PAVLOVA, Z.1,; IL'IN, Yu,F.
P

Determination of the tensile strength of solid ulloys:’ Zav,lab,
29 no,.8:981-983 '63, (14 16:9)

1. Vsesoyuznyy nauchno-issledovatcl'skiy institut tverdykh splavov,
{A1loys—Testing)
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| - ACGESSION NRs APLO198L7 | 5/0219/6L,/000/001/0170/0175

._ | : |

AUTHORS: Tumanov, Ve I. (Moscow); Funke, V. F. (Moscow); Basiin, M. L. (Moscow); :
Novikova, T» A. (HMoscow) /

TITLE: Temperature effect on physical progerﬁies qf tungsten ocarbide and cobalt
alloys ;

SOURCE: AN SSSR. Izve Metallurgiya i gornoye delo, no. 1, 1964, 170-175

YOPIC TAGS: cermet alloy, metalloceramic solid alloy, WC+Co alloy, WC+Co physical :
- :properties, WG grain size, WC+Co thermal expansion, WC +. Co electrical resi§tiv-‘.

- A

ABSTHACT: This work was carried out in order to determine the variation in the :

© . @lasticity modulus, linear expansion coafficient, and specific electrical resistiv-:

.. ity of ¥WC+Co with respect to the temperature changes (800-1000C), the cobalt con-
 toent, and the grain size of the WC-phase. The samples consisted of two setss

1) the alloys containing 0-50 wt% of Co and made up of equal WC-phase grains (2.9~ + |
2,6 t;); - 2), the alloys with a constant Co content (6%) and with varied grain sizes,

" of the WC-phbse (1.7-3.7»4\ Yo The results are shown on Figures 1, 2-and 3 of the o

{
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' ‘Enclosures. The authors conclude that tha experimental data confirmed the general '
© idea that Co may occur in We=Co alloys either in the farm of thin capillary £ilms

. or in large inclusions. The varying amounts of the two forms dotermine the alloy

' properties with the change in Co content and grain size of the WC-phase, Orig.

. art. has: 1 table and 3 figures. ) ’

| ASSOCIATION: nome

/ DATE ACQ: 31Marél ' ENCL: O3 .

| SUBMITTED: 15%ay$3
] - : . i
SUB CODE: ML! & ! NO REF SOVs 007 OTHER: - 001
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' AUTHGR: Tumanov, V. I.; Funke, V. F.; Trukhanova, Z. S.; Novikova, T. A.;
'Kuznetsova, K, Fo.

)

:TITLES Heat treatment of tungsten carbide=-cobalt alloys
‘_SOURCE‘: Poroshkovaya metallurgiya, no. 2, 1964, 57-60

' TOPIC TAGS: tungsten carbide, cobalt, hecat treatment, carbon, tungsten, tungsten
carbide based alloy, cobalt containing alloy, binding phase

ABSTRACT: 1In this papar the authers prosent the results of studies of the effaoct of
the cooling rate on the composition of tihe bLinding phase and the beuding strength of
tungsten carbide-cobalt alloys. The effect of the cobalt content ias plotted in
raph3. The authors draw the following conclusions; 1) the composition of the
binding phase does mnot, in practice, depend on the cooling rate within the investi=-
gated temperature range, and 2) in the examination of the dependence of the bending
strength on the composition of tungsten carbide-cobalt alloys, it is also necessary
to consider the change of thermal stresses, Orig. art., has: 3 figuree.

ASSOCIATION; IVsesoyuzn}""*’y nauchno~issleovatel'skiy institut tverdy*kh spalvov ‘
(All-Union Scientific Research Institute of Solid Alloys) . o
CordIfpL - Subil _-..7 H ;F 64)1, 6/_; . L
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© [ACCTNRI AP8034020 SOURCE CODE: UR/0226/66/000/010/0071/0077 ,

; \ - , ;
. ;AU'I‘HOR: Tumanov, V. I.; Gol'dberg, Z. A.; Chernyshev, V. V. Pavlava, Z. I. (Deceased) :

?ORG: All-Union Scientific Research Institute of Hard Alloys (Vsesoyuznyy nauchno- '
issledovatel'skiy institut tverdykh splavov) :

TITLE: Thermal stability of alloys of tungsten-cobalt carbides
SOURCE: Poroshkovaya metallurgiya, no. 10, 1966, 71-77

iTOPIC TAGS: thermal shock simulation, heat resistant alloy, tungsten carbide, cobalt,<
bend strength, grain size, grain structure, hardness . ;

ABSTRACT: Thermal shock testing of alloys of tungsten-cobalt was made by water quenchJ
ing samples from temperatures up to 1120°K. The furnace capacity was sufficiently -~
great to test 20-40 samples simultaneously. Specimens were held 5 min in the furnace
and 0.5 min in the quenching bath. Thermal shock stability was measured in terms of |
superficial cracks and the decrease in ultimate bend strength after thermal cycling.
The cobalt content of the samples ranged from 1 to 30 wt %, while some samples contain~
ing 20-30% cobalt were alloyed with 0.8 or 2.1% titanium, chromium, or molybdenum. The —
porosity did not exceed 0.2 vol %. The first set of experiments was conducted on 5 x f
x 5 x 35 mn samples quenched from 770°K. Thermal shock resistance increased sharply !

above 15% Co. Up to 6% Co the number of thermal shock cycles needed to induce macro- -
: !

| Card 1/2
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‘eracks was 7 or less; at 15 to 30% Co no cracking was observed after 500 cycles. Small
fgrained samples had a lower thermal ghock stability. A microstructural analysis was .
made on samples with 25% Co, alloyed with either Ti, Cr, or Mo. The volume distribu-
ltien of grain size was given for the different alloys, before and after 300 cycles of
;thermal shock testing. The ultimate bend strength of 2 x 5 x 35 mm samples, quenched
ifrom 1120°K, is given as a function of the number of cycles. The greatest drop in ,
istrength occurred after 100 cycles. Alloy VK20 (20% Co) had the highest bend sirength
iwhile VK30 (303 Co) had the lowest for all themmal shock cycles, ranging up to 500. :
The effect of thermal cycling on Vickers hardness was negligible. It is concluled that
the mechanism of strength decrease during thermal cycling is associated with fine §
structural changes, which could not be observed by the techniques described above. |
Orig. art. has: 2 figures, 4 tables.

SUB CODE: 11/ SUBM DATE: OuApréu/ ORIG ‘-REF: 003/ OTH REF: 005
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TUMANOV, V.I, (Moskva); FUNKE, V.F, (Moskva); BASKIN, M,L. (Moskva);
7 NOVIKOVA, T.A. (Moskva)

Effect of temperature on the physical properties of tungsten
carbide-cobalt alloys. Izv. AN SSSR. Met. i gor. delo no.ls:
170-175 Ja-F '64. (MIRA 17:4)
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Wemathmra b
FO8ETA

Zolubllity of refractory metal carbides in cobalt., Tav. AN
858R, Mst., 1 gor. delo no.6:142-147 N-D '64. (MIRA 18:3)
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Propertiss of ceramic metal hard eiloys of HCnTiEZ;o with additions
+, bids, FPorosh, met, 5 nol.kt35-43 5
cf antalum car 0 (MIRA 185)

1. Vsesoyuzuyy nauchno-issledovatellskiy institut tverdykh
splavov,
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KRFYMER, CoS,; TUMANOV, Veloq KAMFNSRAYS, STOIPRRIA R

Strength limit and rupture pechsn’zn of UL oprommlic rrizl
bard alloys under the effect of compression. Fiz, met, i
metalloved. 17 no.4:572-577 Ap 1ol (MiRA 17:8)

1. Vsesoyuznyy institut tverdykh splavev,
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TUMA.NOV, VoI -AA" inzh.

Determination of transient and supertransient parameters of synchronous
machines with externally short-circuited magnetic circuits, 1714)
Elektrotekhnika 35 no.4:4=7 Ap '64. (MIRA 17:
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1. Ural'skiy avtomobil'nyy zavede
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M ic field, Izv. vys.
! Movement of polarized elsctroos i..zoti magnetic (HIRA T2

ucheb. zav.; fiz, no. 1:155-163

1.Moskovskiy gosudarstvennyy universitet imeni M.V. Lomonosova.
) (Blectrons) (Maguetic fields)
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s/1e1/62/004/ooe/o52/041
B106/B102

Tumanov, V. Se—0o

Energy level splitting in a crystal field

PERIODICAL: Fizika tverdogo tela, v. 4, no. 8, 1962, 2254 - 2265

BAT: s with a moment of momentum in an
internal crjstal‘lne ore easily than by group
tneoretlcal consmdera i i r the characters
of the irreducible represen ds for

1ntegra1 moment Ji

o=y, w@=1=yealE] ‘-;—)”'-;z(%"—i);—- e
=il Seald]i B =)= —3ls)
HEheal)=ris (i) $)=x
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S/181/62/OD4/006/052/041

Energy level splifting B108/3102
o7 half integral 4 U RO="109=2/+1; 1(9=0, (%)= (f)= o
B e (S PO R Y S

)=l 2f5) (.

[a] denotes the integral part of the numter a. From these foriules i
follows that a field hexagonal or trigonal symmetry in the case of integal
J will split only triply degenerate levels, if thig field appecars a- a ‘
perturbation in g fieldof cutlo symmetry. There are 2 tables,

ASSCOIATICH: Yoskovskiy gosuderstvennyy universitet im, M. v, Lomn:csova
Moscow State University imeni ¥, v, Lomonosov)
’

SUBKITTED:  Apriy 4, 1962
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L 30239-66 .
ACC NRi  AP6020163 SOURCE CODE: ~ UR/0188/65/000/004/0089/0090;
AUTHOR: Klyshko, D. N,; Tumanov, V. S., Yaryein, V. P. %(
ORG: Department of Radio Englneerl fcow State University (Kafedra radiotekhniki

Moskovskogo gosudarstvennogo univers tetn
TITLE: Heterodyning by means of a two-level system

SOURCE: Moscow. Universitet. Vestnik. Seriya III. Fizika, astronomiya, no. 4, 1965,
89-90

TOPIC TAGS! matrix element, Zeeman effect; magnetization, ferrite

ABSTRACT: It is shown that heterodyning can be accomplished by
‘utilizing the nonlinear properties of a two-level system with dla-
‘gonal matrix elements of the dipole moment Jf. This is exempli-
fled by observations of this effect at radlo frequencies with !
“the ‘ald of Zeeman levels of the free radical diphenylpicrylhydra. /ll
‘(DPH)., The effect 18 readily calculated on the basis of the
,equations of a density matrix with phenomenologlcal relaxation
,times Ty and T, for the case of a system with Bohr frequency W,
iwhich 18 aoted upon by two monochromatic fields. Proceeding from
‘the appropriate formula, the authors derive the expression for the
.Fourier component of magnetization (or polarization) of the systenm .
;at the difference frequency ‘”;’V("b and, thance the equation for a
- Ypagnetio' two~level system with Ty = T,, This was experimentally ;

- |_cara_1/2 UDC: 62).372.061,3 |
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verified by placing several grams of polyerystalline DPH in a

‘gystem of three inductance coils with mutually perpendicular axes ‘
and supplying voltages of different frequencies, W 11T =25 mo
_and w,./}ﬂ’=22 mo, to two fo the coils; the axis &f the third ]
:coil, tuned to 3 mc, 1is positioned parallel to Hy {intensity of

i constant magnetic field), and the amplifiled difference~frequency
;signal induged in this coil is observed on an osclllograph screen.
!The experimental findings were found to be in agreement with the
‘caloulations. It is further pointed out that the effect examined
‘evove has nothing in common with the frequenoy-conversion effeoct
'in ferrites; it is significant, however, that in the case of the
two-level system the conversion coefflioient may be increased,
owing to the parametriec regeneration of the system at the signal
frequency observed during its partial saturation by a fleld with
the frequency W, . . Orig. arts hass 1 figure and 2 formulas. LJPRS]

SUB CODE: 20 / SUEM DATE: OlFeb65 / ORIG REFt 002 / OIH REF: 0O
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ATT R~ AP7002788 SOURCE CODEs UR/0139/66/000/004/0151/0158

ORGs Moscow State University im. M. Ve Lomonosogfﬁggkovek#y.gosuniversitet)

 SOURCE: IVUZ. Fizika, no. 4, 1966, 151-158

TOPIC TAGS: relativistic particle, waveo equation 

" for particlos with higher-oxdor spins. Valuos are given for tha constants of the

- the current cquation for particles with spins 0, 1/2, 3/2, and 2,

. equations i.. particles with spins 0 to 2 are detemmined uniquely. Difflcultles

| Card__1/1 9l -

EWE(Ll). .- een

AUTHOR: Tumanov, V. S. 3;2

DR
T e AL
i mta i TS

TITLE: Relativistic wave equations

3

\)
. ) / e
ABSTRACT: A method is given for deriving relativistic wave equations in matrix form| °

matrix p¥, the inversion operator matrix, and the scalar matrix, which is included in

Higher-order spins are important becausc of the numerous resonances that have
been found ‘ncluding those with long life times. Under certain conditions the

are encountered due to the presence of an external electromagnetic field; unique

equations for free particles can be written in spinor, tensor, or spin~tensor foms. [-—|

The matrix form of the equations requires auxiliary data,- even when an electromagnetic
ficld is absent. The relativistic wave equation is also useful in describing the - s
properties of nonrelativistic particles. Orig. art, has: 13 formulas. JPRS¢

39,0407 SR
SUB CODE: 20 / SUBM DATE: 12Jan65 / ORIG REF: 003 / OTH REF: 007
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| ACC NR: AP5020363 SOURCE CODE: UR/0141/65/008/003/0513/0521
!

i AUTHOR: Klyshko, D. N.; FKonstantinov, Yu. S.; Tumanov, V. S. - . 57/

———— 5>

! ORG: Moscow State (miversiity,.(ﬂoskovskiy gosudarstvennyy universitet)

. TITLE: The parametric excitation of a ftwo—level system- dur” 'y saturation

_SOURCE: - IVUZ. Radiofiziki; v. 8, ma. 3, 1865, s1azsz1 - - . K

i

_,f__TO_P,Ic ‘TAGS: - J??g“‘,"t,l'.‘?_ ani?insr.elec,t,rpmagneticvpﬁmp s-electron paramagnetic reso-———-§
"t nance, parametric resonance o : :

-1 ABSTRACT: . The possibilities of parametric amglification¢bftelectromagnetic oscil<; T B
... ; lations when a substance with a narvow absorption. line is illuminated by an auxil- i~ |
i iary monochromatic signal (pumping signal) are analyzed. It is assumed that the
.1 active substance is inside the resonator and that. the resonator has two noninter-

i acting types of oscillations with natural frequencies close to the pumping frequen-:

i cies.- An expression is obtained for the magnetization (or polarization in the case

! of electric dipole interaction) of a two-level system in the presence of an intense
: pumping field with a frequency w; and two weak fields with frequencies uy and

- i,C;rdj.,l/_Zr.;,_,_.' ot v UDC3. 639,28 .. .
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. {Acc NR:  AP5020363 _‘ | | /

_“1§<x2 “1 - w,. This: expression applies these parametric effects to amplify UHF signals. R

L Experimenta] results. are presented which confirm the. possibility of obtaining nega-: - B

i itlve absorption at the partially saturated line of electron paramagnetic resonance. !
‘The experiment utilized two coils with perpendicular axes and tuned to frequencies
.of 20 and 24 Mc. The axes of the coils were perpendicular to a constant magnetic J |
' field Hy which was varied in the range from 0 to 20 oersteds. The 2u-Mc coil de- - =
;veloped a saturation field with an intensity up to 11 oersteds in the polycrystal- :,
‘line gample placed in the second coil. The second coil generated the electron
‘parametric resonant signal in a conventional manner. The advantages of this method 3
rof excitation include a wide selection of operating substances, the same range of Kk
{signal and pumping frequencies, and simplicity of construction. In closing the au- g
ithors express their appreciation to C. D. Gvozdover for his attention to the work. e
iOrig. art. has: 18 equations and 3 figures. B

SUB CODE: EM,GP/ SUBM DATE: 21Mar64/ ORIG REF: 001/ OTH REF: 005
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TUMANOV, V.S.

Splitting of energy levels in an intracrystalline fis1d,
Fiz. tver. tela 4 no.8:2264-2265 Ag '62, (MIRA 15:11)

. 1., Moskovskiy gosudarsivennyy universitet imend

M.V, Lomonosova,
(Crystallography, Mathematical)
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TIMANOV, V.S,

Theory of cross relaxation in paramagnetic crystals. Fiz, tver,
tela 4 no.9:2419-2425 8 162, (MIRA 15:9)

1., Hoskovskiy gosudarstvemnyy universitet imeni Lomonosova,
(Faramagnetic resonance and relaxation)
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Effect of cross-relaxation on population inversion in Tubye Zhur o%
eksps 1 teor. fiz- 43 no,1:25-30 J% 162, } (124 15:9)
' %

1. Moaﬁovskiy gosudarstvennyy universitet,
(F#ramagnetic resonance and relaxation)
(Quantum theory) (Rubies)
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S/139/60/000/03/019/045
E032/E314

Tumanov, V.S.

TITLE:

On the Interaction of an Electron Moving in a Magnetic
Fieldﬁwith Vacuum A

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Fizika,

ABSTRACT:

Cardl/3

1960, Nr 3, pp 112 - 116 (USSR)

In previous papers by Ternov and the present author

(Refs 1,2) the effect of fluctuations in the photon
vacuum on the spin of an electron moving in the uniform
magnetic field was considered. The starting point was
the Dirac equation with radiational corrections which

on the first approximation is of the form given by Eq (1).

The function s® depends on the accurate Dirac
functions for an electron in a magnetic field, i.e. the
functions given by Eq (2): In the case of a stationary

external field when s¢ is of-the form given by Eq (2),
integration of Eq (1) with respect to time leads to

Eq (3), where H is the Dirac Hamiltonian and K 1is
giver by Eq (4). InRef 2, a calculation was made of

the m1op-d1agonal matrix element ws_,_,s . The present//C
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S/139/60/000/03/019/045

On the Interaction of an Electron Mo%ggé/gglg Magnetic Field
with Vacuum

paper is concerned with the matrix element Ws .

QS'
which is the radiational correction to the energy.

The function s® cannot be now expanded in powers of
the potential of the external field since the
potential of a uniform field cannot be looked upon as

a perturbation (Ref 1). The calculation of Ws ot
9

involves firstly integration over space and, secondly,
the summation over the virtual states of the electron.
Closed integrals are obtained for the matrix elements
which hold for any magnetic-field strengths. The non-
relativistic form of the expressions obtained is in
agreement with the result obtained by Gupta (Ref 5).
The matrix elements archalculated as functions of

H/Ho where H0 ~ 10 Oe. The coeffidents of
2
(H/HO) are determined. Acknowledgments are made to

Professor A.A. Sokolov and Docent I.M. Ternov for

Card2/3 Qonstant interest and discussions. <:
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5/139/60/000/03/019/0%5

On the Interaction of an Electron Mo§93§/§312 Magnetic Field
with Vacuum

There are 6 references, 1 of which is English and
Moskovskiy gosuniversitet imeni > are Soviet.
M.V. Lomonosova (Moscow State University

ASSOCIATION:

imeni M.V. Lomonosov) //C‘
September 23, 1959
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kafedra radiotekhniki) mm—— .

TITLE: Stimulated Raman scattering in the radio-frequency range

SOURCE: Moscow. Universitet. Vestnik. Seriya III. Fizika, astronomiya, no. 6,
1965, 43-48

TOPIC TAGS: Raman scattering, combination scattering, scattering matrix, radio
wave scattering, laser, Raman effect, magnetic field, photon, microwave

ABSTRACT: An jnvestigation was made of 1) the stimulated microwave Raman scattering
at various orientations of a coustant magnetic field Hy in a plane formed by two
mutually perpendicular fields H, and H;, and 2) *hree—photon absorption when two
of the photons have different frequencies. 7Two methods were used to analyze the
two-photon processes: 1) the quasi-classical method, using equations for the
density matrix and the nonquantized field, and 2) the probabiliry method. The
density matriy method was used to derive a formula for the magnetization vector of a
two-level spin system in a strong field oriented perpendicularly to a constant
field, and in a weak field oriented parallel to the field. The probability
mathod was used in deriving the formula for the probability of three-photon ab-
sorption. The experimeats were performed with a free radical of diphenyl-
Card_1/2 UDC: 538.56:530.145
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